
Motion in a Noninertial
Reference Frame

Ch. 10



10.1 Introduction

In order to describe, for example, the motion of a particle on or near the surface of the Earth, 
it is clearly tempting to do so by choosing a coordinate system fixed with respect to the Earth. 
We know, however, that the Earth undergoes a complicated motion, compounded of many 
different rotations (and, hence, accelerations) with respect to an inertial reference frame 
identified with the "fixed" stars. The Earth coordinate system is, therefore, a noninertial frame 
of reference

Experience has shown that, if relativistic effects can be neglected, the motion of a particle in 
an inertial reference frame is correctly described by the Newtonian equation F = p. In the 
event that the particle is not required to move in some complicated manner and if rectangular 
coordinates are used to describe the motion, then usually the equations of motion are 
relatively  simple. However, if either of these restrictions is removed, the equations can 
become quite complex and difficult to manipulate.

an absolute inertial frame, i.e., a frame that is at absolute rest and one in which Newton's 
laws are absolutely valid.



10.2 Rotating Coordinate Systems
Let us consider two sets of coordinate axes; let one set be the "fixed"
or inertial axes, and let the other be in motion with respect to the inertial system. 
We shall designate these axes as the "fixed" and "rotating" axes, respectively, and shall 
use xi’ as coordinates in the fixed system and  xi  as coordinates in the rotating system.

If we choose some point P, as in Fig. , we clearly have

where r' is the radius vector of P in the fixed 
system and where r is the radius vector of P in 
the rotating system. The vector R locates the 
origin of the rotating system in the fixed 
system.



if the xi system undergoes an infinitesimal rotation δθ , corresponding to some 
arbitrary infinitesimal displacement, the motion of P (which, for the moment, we 
consider to be  at rest in the xi system) may be described as

Now, if we allow the point P to have velocity (dr/dt)rotating with respect  to the xi 

system, this velocity must be added to ω x r to obtain the time rate of change of r in 
the fixed system :



In fact, for an arbitrary vector Q, we have



Equation may now be used to obtain the expression for the velocity of the point P as 
measured in the fixed coordinate system.











10.3 Centrifugal and Coriolis force

We have seen that Newton's equation F = ma is valid only in an inertial frame of 
reference. Therefore, the expression for the force on a particle may be obtained from

where the differentiation must be carried out with respect to the fixed system.

Differentiating  the last equation , we have 

( 1)



We denote the first term  by 

The second term may be evaluated by substituting vr for Q in the following 
equation from the previous section:

So the second term becomes, 

where ar , is the acceleration in the rotating coordinate system.



The last term may be obtained directly

Substituting these terms into equation ( 1 ) , we have 

To an observer in the rotating coordinate system, the effective force on a   
particle is given by

( 2 )







In eq. (2 )                                                                     , we get 





1



10.3 Motion Relative to the Earth
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